This study was conducted to determine fresh forage yield, dry matter yield, and their affecting components in promising narbon vetch lines (Vicia narbonensis L.) under rainfed conditions in the Southeastern Anatolia region of Turkey. Field trials were performed in the research areas of GAP International Agricultural Research and Training Center (GAP IARTC) in Diyarbakir, Turkey during the 2008-09, 2009-10 and 2010-11 growing seasons with winter sowings. Experiments were established according to randomized blocks design with three replications. Although the genotype × year interaction for the natural plant height trait was not found to be significant, the interaction was statistically significant (P<0.05) for the main stem number trait. For the other five traits, including fresh forage and dry matter yields, the genotype × year interaction was highly statistically significant (P<0.01). Among growing seasons and genotypes the investigated traits had ranges as follows: fresh forage yield -19.42-37.95 t ha ; and main stem thickness -33.2-4.97 mm. Correlation analyses indicated that there were highly significant and positive correlation between fresh forage yield and dry matter yield, though the correlation between fresh forage yield and days to 50% flowering were found as statistically significant and positive (P<0.05). According to averages over the three study years five promising narbon vetch lines: IFVN 564-Sel 2379, IFVN 565-Sel 2380, IFVN 567-Sel 2382, IFVN 116-Sel 2461, IFVN 562-Sel 2470, were all found more productive than the control cultivar, Tarman-2002, in terms of both fresh forage yield and dry matter yield.
Introduction
The Southeastern Anatolia Region of Turkey, known as Upper Mesopotamia, is located within the 'Fertile Crescent'. According to Lindsey & Reynold (2003) the region has hosted agricultural activities for ~8000 years. The region's soils are famous for their fertility and the climatic conditions allow for the cultivation of most forage crop species (Sayar et al 2010) . However, the cultivation of forage crops is currently far below the potential level (Yolcu & Tan 2008) . Accordingly, a shortage of quality roughage presents a serious problem to animal husbandry in the region. Therefore, livestock are fed predominantly cereal chaff and straw, which have low nutritional values and are used as filler material to keep livestock from feeling hungry. However, in order to obtain animal products, milk, meat etc., from the livestock in desired levels, they should be fed with quality roughage obtained from forage crop species. According to Yucel et al (2009) , to meet the current requirements for quality roughage of the expanding livestock population in Southeastern Anatolia Region of Turkey, it is of great importance to determine suitable forage crop species.
Narbon vetch (Vicia narbonensis L.), which is resistant to cold and drought, is an annual legume species (Açıkgöz 2001; Fırıncıoğlu et al 2012) . Narbon vetch has been grown as a forage crop species for many years in the Southeastern Anatolia region of Turkey, and the species is readily found among native flora of the region (Sayar 2011) . Larbi et al (2010) reported that due to its high potential seed yield, V. narbonensis is generally grown for its grain in livestock feed. The species is also of great importance in crop rotation systems, either as pure stands or in a mixture with cereals for fresh forage or hay to provide high quality livestock feed (Altınok 2002; Altınok & Hakyemez 2002; Iptaş & Karadağ 2009; Nizam et al 2011) . Furthermore, narbon vetch is a valuable green manure plant due to high green biomass production, and as a legume, its ability to fix large amounts of nitrogen to the soil (Albayrak et al 2004a; Albayrak et al 2004b; Avcıoğlu et al 2009; Fırıncıoğlu et al 2012) .
The objective of this study was to determine the forage yield and affecting traits of some promising narbon vetch lines in rainfed areas of Southeastern Anatolia, Turkey.
ÖZET
Bu çalışma, bazı ümitvar koca fiğ (Vicia narbonensis L.) hatlarının Güneydoğu Anadolu Bölgesi ekolojik koşullarında yeşil ot ve kuru madde verimleri ile bu verimler üzerinde etkili bazı önemli verim unsurlarını saptamak amacıyla yürütülmüştür. Bu amaçla; 2008 -09, 2009 -10 ve 2010 
Material and Methods
This study was conducted for three consecutive growing seasons (2008-2009, 2009-2010 and 2010-2011) The research fields were flat or near flat with very little erosion, and the soil layer had a deep or medium deep profile. According to the soil analysis, the experimental area soils had a clay loam structure, and were red-brown in color. Moreover, the soils were rich in terms of calcium (12.54%) and potassium (480 kg ha -1 K 2 O) contents, whereas organic matter (1.60%) and phosphorus (28.5 kg ha -1 P 2 O 5) contents were relatively low. Also, due to the high limestone content, the pH status of the soils was slightly alkaline (pH: 7.67).
The Southeastern Anatolia Region is one of Turkey's seven census-defined geographical regions, and is characterized by a continental climate. In this region, summers are dry and hot, whereas winters are cool and rainy. Rainfall in the region is variable both within and among years. The long-term annual average total precipitation is 479.8 mm, approximately three-quarters of which (75-80%) falls from November to May. The region's forage and seed yields obtained from annual legume crops depend greatly on the spring rainfall. Monthly average temperature, humidity and total precipitation records during the study years, and the long-term averages, are summarized in Table 2 (TMF 2011).
The experiments were conducted under rainfed conditions according to a randomized complete block design with three replications. Each plot consisted of six rows 5 m in length, and rows were spaced 20 cm apart. Diammonium phosphate fertilizer (DAP 18-46-00) (150 kg ha -1 ) was applied in the experimental plots with the sowings. Weeds appearing in the experimental area were controlled by hand. The seeding rate was 100 seeds m -2 (Açıkgöz 2001) . The sowings were made in well-annealed soil using an experimental drill. The sowing dates for first, second and third growing seasons were on November 14, 2008 , November 20, 2009 and November 11, 2010 respectively. In the experiments; after a halfmeter at the beginning and end of each plot was neglected to account for edge effects, half of each plot was harvested separately in May to calculate fresh forage yield, and the fresh forages weighed as soon as possible without losing weight. Then, the found fresh forage yields converted acre. For determining dry matter yield 500 g fresh forage sample were taken from each plot, then, the forage samples were dried 48 h in an oven at 70 °C. Fresh forage yield, dry matter yield and the other investigated traits were determined according to the technical instructions for leguminous forage crops published by the Seed Registration and Certification Centre, Ankara, Turkey (TIRTAFLS 2001).
All sta tistical analyses of data were performed using the JMP 5.0.1 statisti cal software package (SAS Institute 2002), and the differences between means were compared using the least significant difference (LSD) test at the 0.05 probability level (Steel & Torrie 1960) .
Results and Discussion
The combined variance analysis over the 3 years showed that years, genotypes and genotype × year interaction were highly significant (P<0.01) both for fresh forage yield and dry matter yield. Fresh forage yield among the years showed great differences. The highest fresh forage yield, of 34.45 t ha (Table 3 ). The high fresh forage yield in the 2010-11 growing season was due almost exclusively to the amount of spring rainfall, which was much higher in April in this growing season than during the other two growing seasons (Tables 2 and  3) . Similarly, many researchers have reported that the yields of annual forage legumes greatly depend on spring rains in rainfed conditions (Gramsh 1982; Açıkgöz et al 1986; Karadağ & Büyükburç 2004; Sayar et al 2011) . In contrast, the dry matter yields of narbon vetch obtained in the 2009-10 and 2010-11 growing seasons were found to be higher than in 2008-09 growing season. Meanwhile, a very important point worth considering is that although the fresh forage yield in the 2010-11 growing season was found to be significantly higher than in 2009-10 growing season, the dry matter yield in 2009-10 was higher than the 2010-11 dry matter yield. This likely stemmed from the higher temperatures and lower rainfall in the spring of the 2009-10 growing season ( Table 2 ). The higher temperatures and the lower rainfall in the spring month of 2009-10 likely caused the increased dry matter content in the fresh forage.
When the genotype × year interaction for fresh forage yield and dry matter yield were examined (Table 3) Tarman-2002 cultivar showed a good adaptability in spring rainy years, while its fresh forage and dry matter yields were very low in years that had higher temperatures and lower spring rains. However, plant breeders and farmers prefer stable cultivars that can provide at least average yields in the unsuitable conditions. According to three-year averages; five promising narbon vetch lines: IFVN 564-Sel 2379, IFVN 565-Sel 2380, IFVN 567-Sel 2382, IFVN 116-Sel 2461, IFVN 562-Sel 2470, were found more productive than the control cultivar, Tarman-2002, in terms of both fresh forage yield and dry matter yield (Table 3) .
Previous studies using narbon vetch genotypes under various ecological conditions reported that the fresh forage yield ranged between 24.88 t ha Nizam et al (2011) were found to be lower than our data. This difference likely arose from differences among the genotypes used and the environmental conditions under which investigations were conducted.
In annual forage legume species, earlier flowering genotypes are of great importance in terms of crop rotation systems of the Southeastern Anatolia Region, since earlier flowering genotypes not only provide more time to fill their pods before the beginning of hot and dry weather, but also allow sufficient time for the crops that follow. We found statistically highly significant (P<0.01) differences among the growing seasons (years) in terms of days to reach 50% flowering in narbon vetch genotypes (Table 4 ). Days to reach 50% flowering in the 2009-10 growing season were significantly fewer than in the other 2 years. The reason for this is likely that rainfall amount, temperature and humidity in the winter months and March were higher than in either the 2008-09 or 2010-11 growing seasons, and the long years averages (Table 2 ). Due to the favorable climatic conditions in winter months in the 2009-10 growing season, narbon vetch genotypes maintained their growth during the winter months, and they finished their vegetation stage and reached their flowering period earlier in the growing season. Table 4 , genotypes and the genotype × year interaction were highly significant (P<0.01), and the time to reach 50% flowering time varied among the genotypes and years from 142.3 days to 171.0 days. The earliest 50% flowering time was recorded for the IFVN 564-Sel 2379 line, whereas the latest flowering time occurred in the Tarman-2002 control cultivar. According to means of the 3 years, the IFVN 564-Sel 2379 line was found to be the genotype with the earliest flowering time. Cecen et al (2005) , found that 154 days were required to reach 50% flowering in narbon vetch, which is consistent with our findings, while Sabancı et al (1998) found that a shorter time was required (118-132 days) in Izmir conditions, and Yılmaz (2008) reported a shorter time still (114.6-126.4 days) in Hatay conditions. Differences among , means with different letters in the same column are significantly different (P < 0.05); significant at *, P ≤ 0.05; **, P ≤ 0.01; ns, nonsignificant ecological environments under which the previous studies were conducted, and the use of different genotypes, could be the cause of the differences among the previous studies and our findings of the days to reach 50% flowering. In fact, for nearly all of the field crops, the times to flowering in Izmir and Hatay ecological conditions, which had a Mediterranean climate, were lower than that in Diyarbakir ecological conditions, which had a continental climate.
As seen in
ANOVA indicated significant differences among growing years, but the differences among the means of genotypes and the genotype × year interaction were non-significant for natural plant height (Table 4 ). The non-significance of the genotype × year interaction indicated that the ranking of narbon vetch genotypes in terms of natural plant height was not significantly affected by changing the years. Buyukburc & Iptas (2001) reported that although the plant height is a genotypic feature in narbon vetch, this feature is greatly affected by the spring rains. That is, in a year with a relatively high amount of spring precipitation, plant height is also relatively higher. In our study, the greatest natural plant height was in the 2008-09 growing season (76.1 cm) and the least was in the 2009-10 growing season (67.5 cm) (Table 4) Main stem height in annual legume forage species is more important than natural plant height. Due to lodging, legume forage crop plants often fall to the ground. Therefore, even though a genotype may sometimes have a taller main stem height, it can have a lower natural plant height owing to the lodging. In general the difference between a main stem height and natural plant height account for the lodging degree of the genotype.
Variance analysis of main stem height data indicated that differenc es among years, genotypes, and genotype × year interaction were highly significant (P<0.01) for the trait. The lowest main stem height was recorded in the 2009-10 growing season, and the highest main stem height was recorded in 2008-09 growing season (Table 5 ). The factors affecting natural plant height among the years mentioned above are also valid for main stem height. In fact, the rankings of the growing seasons in terms of natural plant height and main stem height were identical (Table 4, Table 5 ). When the genotype × year interaction was examined for main stem height (Table  5) (Table 2 and Table 5 ).
For main stem numbers per plant in the narbon vetch lines the interactions among growing years and among the genotypes were found highly significant at 0.01 level, although the second order interaction of year × genotype was significant at the 0.05 level. The average main stem number in the 2008-09, 2009-10 and 2010-11 growing seasons were 2.19, 3.08 and 2.66 stems plant -1 , respectively. According to averages over the 3 years the highest main stem numbers were found in IFVN 562-Sel 2470 (2.91 stems plant -1 ), while the lowest were recorded in IFVN 564-Sel 2379 (2.36 stems plant -1 ) (Table 5) .
Additionally, among the years and genotypes, the main stem numbers for different genotypes varied from 1.93 stems plant -1 to 3.40 stems plant -1 . Our main stem number findings are consistent with previous reports of the main stem number per plant in narbon vetch (İptaş et al 1996; Sabancı et al 1996; Büyükburç &İptaş, 2001; Uzunmehmetoğlu & Kendir 2006; Nizam et al 2011) .
Main stem thickness in annual forage species has both positive and negative aspects. On the one hand, a genotype with a higher stem thickness it is more resistant to lodging and laying, while on the other hand a higher stem thickness causes an increased leaf-to-stem ratio in the forages. This decreases the , means with different letters in the same column are significantly different (P < 0.05); significant at *, P ≤ 0.05; **, P ≤ 0.01; ns, nonsignificant + , means with different letters in the same column are significantly different (P < 0.05); significant at *, P ≤ 0.05; **, P ≤ 0.01; ns, non-significant digestibility and protein content of the forage, and leads to a resultant decrease in forage quality (Ball 2001; Tan et al 2013) . In this study, highly significant (P<0.01) differences were found among growing years in terms of the main stem thickness traits of narbon vetch genotypes, whereas differences among the means of genotypes were found to be not significant for the trait. Also, a genotype × year interaction was found to be significant (P<0.01) for the trait (Table 6 ). This indicated that main stem thickness of genotypes ranked differently in different growing seasons. As seen in Table 6 , the main stem thickness changed between 3.32 and 4.97 mm among the growing seasons and genotypes. Similarly, Van de Wouv et al (2003) reported that stem thickness varied among some thin-stemmed vetch species from 1.2 to 3.90 mm.
Correlation coefficients among the examined traits are shown in Table 7 . There were highly significant and positive correlation between fresh forage yield and dry matter yield (r= +0.725), although the correlation between fresh forage yield and days to 50% flowering were found statistically significant and positive (r= +0.254). Similar relations reported by Babat & Anlarsal (2011) in common vetch (Vicia sativa L.) for the traits. Additionally, days to 50% flowering positively high significantly correlated with natural plant height (r= +0.400**), and main stem height (r= +0.519**), Similarly, Sayar et al (2011) found high significant positive correlations between days to 50% flowering and both natural plant height (r= +0.462**) and main stem height (r= +0.373**) in forage pea (Pisum arvense L.). In contrast, the correlations for main stem numbers (r= -0.494**) and main stem thickness (r= -0.425**) with days to 50% flowering were found as negative and highly significant (P<0.01). On the other hand, natural plant height was positively significantly correlated with main stem height (r= 0.457**), though it was negatively and significantly correlated with main stem numbers (r= -0.514**) and main stem thickness (r= -0.396**). Despite negative and highly significant relationship between main stem thickness and main stem height (r= -0.650**), the relation between main stem thickness and main stem numbers (r= 0.523**) was positively and highly significantly. Also; negative and significant correlation was found between main stem numbers and main stem height (r= -0.635**).
Conclusions
In conclusion, the promising narbon vetch lines showed great variation with respect to fresh forage yield, dry matter yield and other investigated components. According to three-year averages; five promising narbon vetch lines: IFVN 564-Sel 2379, IFVN 565-Sel 2380, IFVN 567-Sel 2382, IFVN 116-Sel 2461, IFVN 562-Sel 2470, were found more productive than the control cultivar, Tarman-2002, in terms of both fresh forage yield and dry matter yield. Hence, new narbon vetch cultivar or cultivars should be developed with the promising lines in order to be used for hay production in the Southeastern Anatolia region of Turkey. 
